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Abstract 
Research and teaching have an array of unique hazards which reflect both the variety and the continuous evolution of 
their operations. These hazards include chemical, physical, biological or technical facets.  For example there is an 
increasing awareness of reactive chemistry hazards. While controlling these hazards is frequently accomplished 
through engineering approaches such as ventilation and procedures, the long history of repeated incidents suggests 
that a more formal approach to hazard recognition and management is required. Academia is composed of many 
different actors: scientific staff, researchers, teachers, technicians, students, apprentices, administrative staff, short 
term visitors, external stakeholders, etc. Those persons have different skills, education and knowledge. Hence a 
global safety management should address the different requirements needed by the diverse population. In this paper, 
we will try to answer the question raised in the title by presenting a safety management program called MICE 
developed by a multidisciplinary team of safety specialists being for some of them chemical engineer, chemist, 
biochemist, etc. They all belong to the Occupational Safety and Health service of the Faculty of Basic Sciences (SB-
SST) at the Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland. This faculty is composed of over 1600 
researchers and 1000 students working in more than 850 research laboratories. Activities are spread among 
chemistry, chemical engineering, biology, physics, biochemistry, biophysics and mathematics. This illustrates how 
diverse activities are and that multidisciplinary competences are needed to tackle properly the different problematic. 
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1.  Introduction 
We are all faced with risk in our everyday lives. However, the future cannot be predicted, it is 
uncertain and no one has ever been successful in forecasts. Risk can be interpreted in different ways 
depending on the field of activity. Insurances, banks, industries or academies do not define risk in the 
same manner. In academia and specifically for sciences involving chemistry, physics or biology, risk 
could be defined, in a first step, as a subtle relationship between hazard or danger and likelihood of its 
occurrence. In research, this first step is not sufficient, other factors such as worsening, exposure, cost 
factors, etc., will also play an important role in defining: what is the risk.  
 
Research activities have become more complex with more interrelationships and interdependencies. 
Moreover new technologies and developing materials introduce new risks. This complexity, combined 
with increasing multifunctional use of space and increasing population densities with high turnover, 
creates larger risks to society while at the same time their acceptance is decreasing. There is a public 
perception that is years behind the reality. 
 
Many risk analysis techniques and management have emerged in the industry from the 1960's onwards. 
This can be regarded as a reaction to some major accidents as well as the desire to achieve higher 
performance, improve production, quality, and workers’ health. Often regarded as centers of 
conceptualization and theoretical modeling, high schools and universities, the academia/research in a 
broad sense, are hardly comparable to the industry regarding safety management. The academic world 
remains also the headquarters of experiments’ validation associated with a concept of free research. This 
makes it an environment particularly at risk. Indeed, experiments have not always been done without 
accidents. As observed recently, many more accidents happened in academia but only very few are 
reported in the open literature: 
 
• 2006, Mulhouse (France): Explosion (followed by a fire) in the University’s chemistry building. 
As consequence, one dead person and several injured [1].  
 
• 2008, Delft (Netherlands): Fire due to a short circuit at the Technical University causing 
considerable financial losses [2]. 
 
• 2009, UCLA, Los Angeles (USA): Explosion (followed by a fire) in the University’s chemistry 
building. As consequence, one dead person [3]. 
 
• 2010: Texas Tech University (USA). A student received severe burns and lacerations to his face 
and hands when a mixture of nickel hydrazine perchlorate exploded in chemistry department 
laboratory [4]. 
 
• 2011, Yale, New Haven (USA): A student killed in a chemistry lab by being pulled into a piece of 
machine-shop equipment [5]. 
 
One of the most important factors is that risk assessment should be built into scientists’ routines. Each 
chemical used comes with a list of potential risks and appropriate safety precautions through MSDS 
(material safety data sheet), although unpredicted toxicity can affect even the most careful chemist. 
According to Peplow and Marris [1], it seems clear that academic labs are more dangerous than those in 
industry, because of their more relaxed approach towards safety. Citing James Kaufman, president of the 
856   T. Meyer  /  Procedia Engineering  42 ( 2012 )  854 – 864 
Laboratory Safety Institute in Natick, Massachusetts: ”we find that the accident rate in universities is 10 to 
50 times greater than in the chemical industry. In DuPont, if a guy hits his thumb with a hammer in 
Singapore, the chairman of the board has a report on his desk,” he says. “Imagine if that happened in 
academia.” 
 
Despite the awareness about the growing risks in the academic/research world, risk management in this 
environment is even more complex compared to industry because of certain inherent specificities. 
Moreover, management of change as expressed by Langerman [6] is even more critical as research 
laboratories are undergoing continuous and rapid changes. Furthermore, teaching laboratories are 
occupied by inexperienced operators’ who are being exposed to new situations. Existing methodologies 
for risk assessment are hardly directly applicable. The question to be solved could be expressed as: how to 
implement a safety and risk management process in research and education? 
2. MICE concept  
Academia is composed of many different actors: scientific staff, researchers, teachers, technicians, 
students, apprentices, administrative staff, short term visitors, external stakeholders, etc. Those persons 
have different skills, education and knowledge. Hence a global safety management should address the 
different requirements needed by a diverse population.  
 
Langerman [7] discussed the lab Process Safety Management (PSM) approach for chemical labs 
designed to help defining when changes need to be handled in a coordinated and structured manner. This 
methodology is mainly process oriented and does not satisfy the global approach of how global safety 
management process should be implemented in a research or teaching dedicated environment. Eguna et al. 
[8] presented some comments about the management of chemical laboratories in developing countries. An 
initial safety audit revealed plenty of room for improvement. Therefore an eight-session workshop was 
conducted for the laboratory personnel over a period of eight weeks. 
 
These two examples, among others, indicate that there is plenty of room for the implementation of a 
global safety and risk management in research and teaching institutions. At EPFL we implemented a 
safety management program called MICE (Management, Information, Control and Emergency, see figure 
1) based on a strong education adapted to the target audience. The Occupational Health and Safety service 
of the Faculty of Basic Sciences is driving this implementation. This service is composed of chemists, bio-
chemist, physicist and chemical engineers all being health and safety officers. 
 
This program based on four levels is similar to the Deming wheel process or the improved Plan-Do-
Check-Act as described by Platje and Wadman [9]. The four components of the MICE concept are: 
 
 
M for the management step 
I  for the information and education 
C  for the control step 
E  for the emergency 
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Fig. 1. The MICE program 
2.1. The Management step   
The Management step concerns different topics such as:  
• The welcoming and training of new collaborators (every collaborator, independently from its 
activity, or student going to practical labs have a half-day course introducing them to the basics 
of safety, fire-fighting training and first-aid). 
• The decentralized safety management and organization where each research and teaching unit 
has a safety delegate or coordinator (he acts as a first-line safety actor). 
• Lab-door panels (including information on present hazards, responsible and contact persons, 
prohibitions and requirements, safety classification, cleaning issues, etc.) on every research and 
teaching lab. 
• The hazard mapping of all research/teaching labs and offices based on an innovative platform. It 
ranks 27 hazard categories according to a 3 level control [10]. This allows identifying 
laboratories with a high level of danger or cumulative hazards as depicted by the example in 
figure 2. In fine ACHIL, as hazard mapping platform can be used by safety officers and Dean of 
School as decision tool to support safety management. 
• Near miss, incident and accident web-based interface and database allowing analyzing and 
implementing adequate corrective measures in order to avoid the event’s repetition. This 
database is open to all collaborators for safety transparence and information. 
 
According to figure 2, it could be observed that flammable is the most important hazard, in this 
building (only one represented), as it is present in 7 labs with levels from the lowest (1) to the highest 
hazard (3). The 27 hazard categories include not only chemical hazards, but also physical hazards (such as 
lasers, strong magnetic fields, cryogenics, ..), physico- chemicals, biological, electrical, and others 
hazards. 
2.2. The Information and education step   
The Information part of the program is mainly related to targeted education or workshops for students 
(bachelor, master or PhD students), researchers, technicians, teachers, administrative and technical staff as 
well as to external contractors. Over 20 semester or short term courses, trainings or tutoring covering the 
main observed hazards are proposed (some of them being mandatory). The second aspect relies on written 
information, such as quarterly safety newsletters (electronic and print-outs), directives, check-lists, flyers. 
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Some typical courses and training are listed in table 1. One can notice that this program tends to tackle 
the different activities that might be present in universities. Not all courses are listed below, but 
selected from the different hazards.  
 
 
A web site especially dedicated to safety has been developed (http://sb-sst.epfl.ch) including a 
comprehensive online safety manual, tutorials on different hazards that collaborators or students could 
face in their activities, training videos on how to behave in case of emergency, how to deal with special 
hazards or how to safely operate in chemical labs and where they could find help from safety specialist. 
Emergency equipment and their use are also depicted with training videos, operating manuals and 
directives. 
Fig. 2. Hazard mapping of one aisle of the chemistry building. 
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Table 1. Selected courses related to safety and risk management 
 
Course Target audience Level Duration 
Chemical legislation Students in chemistry Bachelor One semester, 
2h/ week 
Risk management Chemists and chemical 
engineers 
Master One semester, 
2h/ week 
Chemical process safety Chemical engineers Master One semester, 
2h/ week 
Introduction to safety All collaborators - Half-day 
Lab hazards 
 
Students Bachelor and Master One day 
Chemical manipulation All persons working with 
chemicals 
Continuous education Two days 
Management of 
chemicals 
 
Lab responsible, 
supervisors, managers 
Continuous education Two days 
Advanced chemical 
hazards 
 
Chemical advanced 
collaborators 
Continuous education One day 
Special waste 
management 
 
All persons producing 
special wastes 
Continuous education One day 
Laser safety All persons working with 
lasers 
Continuous education Two days 
Working with 
cryogenics 
 
All persons working with 
cryogenics 
Continuous education One day 
Strong magnetic fields All persons working with 
magnetic fields 
Continuous education One day 
Biosafety All persons working with 
biohazards 
Continuous education One day 
Radioprotection All persons working with 
radioactive material 
Continuous education One day 
Electrical hazards Persons making electrical 
modifications 
Continuous education One day 
Managing stress On demand Continuous education One day 
2.3. The Control step   
Our faculty is composed of over 1600 researchers and 1000 students working in more than 850 
research laboratories. Activities are spread among chemistry, chemical engineering, biology, physics, 
biochemistry, biophysics and mathematics. This illustrates how diverse activities are and that 
multidisciplinary competences are needed to tackle properly the different problematic. 
 
Every management process needs a Control step. We perform biannual safety audits (approx. 1700 per 
year) of each research and teaching lab in order to ensure that the minimal safety requirements are 
satisfied. This is realized by a tandem of safety officers being either a chemist, a physicist, and or a 
chemical engineer) This allows ensuring that the management of any change is always covered and 
mastered. Effectively, as process and procedures are rapidly evolving in research, we have to make sure 
that adapted safety management is equally reactive and proactive. These audits have also an educational 
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issue as they are realized in the presence of the individual unit safety coordinator explaining the observed 
deviation and remediation’s to be implemented. When the hazard mapping revealed that a research or 
teaching lab is in the middle or highest band, a risk analysis is performed with an innovative software 
called LARA [11-12]. It allows rapidly accessing the involved risks and implementing the adequate 
corrective measures in terms of prevention and protection. 
 
2.4. The Emergency step   
Finally the last step is the Emergency. Despite what one could imagine, emergency is not directly 
related with firemen or first-aid, but more on the education on how to behave correctly in case of accident 
(call center, evacuation drills, behavior, rules, first intervention, training, etc.) and also on how to act after 
intervention squads have left the place. To our opinion, emergency is also concerned with remediation and 
how to recover from a physical or material damage.  
 
Intervention professional squads such as firemen, first-aid, and technicians are governed by a central 
service independently from the different research institutions. They do not belong to the MICE program 
but are the major player when and emergency happens. Safety officers and unit safety 
delegates/coordinators will serve as support and competence center. 
 
3. Results on selected topic   
In order to illustrate the MICE concept, two examples will be discussed briefly: management of 
chemical substances and management of strong magnetic fields. 
3.1. MICE management of chemicals    
Research and teaching labs can be too crowded, and such overcrowding raises the risk of spills. Waste 
disposal becomes a major issue. Most chemistry labs have open bottles where solvents are dumped along 
with the black gunk left from failed reactions.  
 
Chemical management is a crucial step in order to ensure a homogenous safety environment 
throughout an academic institution. Obviously, many chemicals should not be manipulated without any 
confirmation that the chosen equipment are adapted for the purpose and that workers are correctly trained 
especially regarding the manipulation of  carcinogenic, mutagenic, reprotoxic substances (CMR), highly 
toxic compounds or with high energetic reactivities. In order to validate the safety measures at the 
workplace, safety and health professionals must have access to the information about the substances 
existing throughout the laboratories. Management of chemicals in academia must find a process ensuring 
that students and the staff have a safe work environment without impairing their academic freedom [13]. 
To address this issue, we proposed a comprehensive chemical management starting from the ordering of 
chemicals and ending with the waste disposal (see figure 3). 
 
a) Ordering chemicals and substances subject to authorization  
Chemical management in academia must start at the ordering stage to overcome the research groups’ 
independency and the inherent lack of outside communication. At EPFL, all substances are ordered 
through chemical stores responsible for general negotiations with suppliers, for checking compliance 
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between ordering and shipping as well as for reporting every chemical into the inventory database (see 
below). A special treatment is applied for substances leading to serious health concerns, in particular class 
1 CMR’s or highly toxic substances. Researchers must get from the SB-SST an authorization to use these 
chemicals based on a comprehensive work conditions analysis. This quality process allows research 
groups to get support from specialists regarding the possibility to replace every concerning substance by 
less problematic ones, to verify if safety measures and operating procedures are sufficient, adequate and 
adapted for the planned project and eventually to determine the need of monitoring measures. 
 
b) Inventory and storage 
Currently, our inventory encompasses over 70'000 different pure chemical substances.  All chemicals 
are inventoried independently of their physical state (solid, liquid or gas) in a dynamic central database 
(intranet interface), taking into account chemical information (quantity, purity, MSDS), as well as 
logistical information (storage place, owner). Furthermore, the inventory allows the users to know if a 
substance is already present and could be borrowed for an initial test. Moreover, the computerized 
inventory is a powerful tool enabling safety and health specialists to search for all chemicals with a same 
specific hazard statement or to prevent aging degradation by checking storage duration. 
 
Storage must be considered as a first line safety measure to prevent undesired events. According to 
CLP regulation (EC implementation of GHS, EC regulation [14]) substances have to be stored in an 
appropriate manner taking into account chemical compatibility and segregation depending on their 
intrinsic reactivity. This quality management is also verified twice a year by workplace audit controls 
performed by SB-SST. 
 
c) Waste management 
At the end of the process, wastes are treated in a similar manner as pure compounds. They are 
separated by chemical compatibilities and properties according to a decision tree (SB-SST, [15]) 
indicating the elimination transport number, according to the Swiss special waste regulation [16]. Once 
correctly conditioned, they are brought to the chemical stores to be collected by the external disposal 
contractors. Used substances and other chemical wastes are no longer identified, collected and packed by 
the chemical stores. They only act as negotiator with the suppliers and other external contractors. 
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Fig. 3. MICE chemical management flowchart 
 
3.2. MICE management of strong magnetic fields     
In the analytic arsenal, matter-magnetic field interactions are amongst the most powerful properties 
used by chemists to characterize substances and materials. These instruments include notably Nuclear 
Magnetic Resonance (NMR), Electron Paramagnetic Resonance (EPR) and Magnetic Resonance Imaging 
(MRI). Magnetic field intensity in these apparatuses is ranging from 1 to 20 Teslas. 
 
Magnetism is often dreaded or misunderstood because it cannot be directly detected or perceived by 
human senses. Highest risks due to intense magnetic fields are thermal effect, sense perturbations and 
attraction of ferromagnetic devices becoming potential projectiles. Based on European safety guidance 
(European Council, [17]) and to ensure a safe and healthy environment to the staff, we introduced the 
MICE management for strong magnetic fields emitting apparatus.  
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Spatial magnetic field intensity distribution was measured in the area surrounding individual 
instrument and mapped. Depending on the field's intensity, three zones (figure 4) were settled to define 
the thresholds access to the public (including cleaning operators), to the professionals and the area people 
cannot access without medical monitoring. Based on the cartography, the field intensity thresholds are 
marked on the laboratories’ floor by the corresponding warning colored stripes (figure 5). In the MICE 
program, training (Information) is given to researchers with a particular concern about potential pregnant 
women. During the Control operations, we noticed a remarkable enhancement of the shielding 
performances of recent commercial equipment compared to older ones. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Fig. 4. Safety classification depending on static magnetic field intensity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 5. Magnetic field warning stripes around a NMR instrument. 
 
 
864   T. Meyer  /  Procedia Engineering  42 ( 2012 )  854 – 864 
4. Conclusions   
We do not pretend to have completely answered the starting question: How about safety and risk 
management in research and education? However important steps have been achieved since the 
implementation of the MICE program and, interestingly, incidents and accidents have also drastically 
dropped during the last years. We noticed also that the safety culture is currently implemented even in a 
rapidly changing environment. We do speak about safety and we act safely with the appropriate 
knowledge. Moreover thanks to ex-cathedra teaching and real experimental work in labs, students leaving 
the school have increased their skills in safety and risk management. 
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